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Abstract 
Optimization of spreading vehicle routing for deicing salt play important roles in improving operational efficiency of snow 
removal, reducing environmental pollution, and reducing road maintenance cost. In this paper, characteristics of different 
snow highway removal modes in winter and factors to affect vehicle routing decision making for deicing salt spreading are 
analyzed. Combined with road network structure, capacity constraints, and load balance constraints, vehicle routing model for 
spreading deicing salt is constructed, which can be solved by a designed genetic algorithm. 
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1. Introduction 
Snow would be compact after accumulating and being grinded by the current vehicle, and formed ice layer at 
low temperature. In this case, with the friction coefficient between vehicle tire and road surface decreased and 
braking distance increased, vehicles would be easy to skid. All of these would bring great potential risk to the 
vehicle and personnel. Snow removal is an important task of winter highway maintenance, which can be used to 
ensure smooth traffic and driving safely, and improve road capacity and operation efficiency. Using the deicing 
salt to remove snow has the advantage of good snow removal effect and low traffic impact, which is widely used 
by China's highway maintenance department. Dispatching and operation path decision of spreading vehicle are 
very critical step in the process of using deicing salt to remove snow. Dispatching and path decision of vehicle 
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play positive roles in alleviating corrosion and damage on roads and accessories, reducing pollution of roads and 
reducing difficulty of road clean-up and maintenance. 
Spreading vehicle routing problem belongs to the Arc Routing Problem (ARP) which uses road as the service 
object, and it is a typical NP Problem. With the scale of problems increasing, the amount of calculation is 
exponential growth, so our research mainly focuses on heuristic algorithm. In view of level of service and turning 
restrictions, Lemieux and Gampagna (1984) established the Directed Chinese Postman Problem, which used the 
minimum amount of vehicle's U-turn as the optimization goal. Perrier (2006) established a mixed-integer 
programming model for the vehicle routing planning of snow removal in urban areas, and put forward two 
heuristic algorithms. In order to solve the spreading vehicle routing planning problem in Calvert County, 
Maryland, Haghani and Qiao (2001) put forward an arc routing problem model with time windows. Eglese (1994) 
used simulated annealing algorithm to solve the problem of spreading vehicle dispatching, and Qiao (2002) used 
tabu search algorithm to solve the problem of spreading vehicle dispatching. In addition, Campbell and Langevin 
(2000) also developed the application software called GeoRoute for sweeping vehicle and spreading vehicle 
routing planning. Some scholars in China (Lv, Cai, & Qu, 2005, Zhu, Xie, Yang, Xia, & Li, 2008) researched the 
arc routing problems related to garbage collection, watering, etc.. But research on vehicle routing optimization for 
deicing salt spreading is still rare. 
2. Characteristics of Different Snow Highway Removal Modes in Winter 
Snow removal is an important task of winter highway maintenance. There are four main modes of snow 
removal: deicing salt snow removal, manual snow removal, mechanical snow removal and physical snow 
removal. Table 1 compares the characteristics of four snow highway removal modes. 
Table 1. Characteristics of different snow removal modes 
Characteristics 
Snow removal modes 
Deicing salt snow 
removal 
Manual snow removal 
Mechanical snow 
removal 
Physical snow removal 
Efficiency High Low High High 
Energy loss Low High High Relatively high 
Traffic impact Very Low Heavy Relatively heavy Null 
Facility cost Low Low Purchase cost is high Construction cost is high 
Usage cost Relatively high High Relatively high Relatively high 
Environmental impact Heavy Low Damage pavement 
No pollution, No 
damage 
 
Deicing salt snow removal mainly relies on thermal effect or spread out various kinds of chemical materials to 
achieve the purpose of melting snow or reducing the freezing temperature. From the composition view, the 
deicing salt would be mainly classified to chlorine salt type, non-chloride salt type and mixed type. Among them, 
chlorine salt type deicing salt which has the advantage of low cost, good effect in melting snow, rich in resources, 
etc., is widely used to melt snow. Deicing salt snow removal applies to cases that small amount of snow, 
especially the period of spring or winter has set in when temperature is high, and has significant effect on roads 
which are easy to freeze. But it would have seriously impact on the roads and accessory facilities, and would 
pollute the environment and damage the road planting. 
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3. Influence Factors of Vehicle Routing Optimization for Deicing Salt Spreading 
Road snow removal decision involves problem of strategic level, tactical level, operation level and real-time 
level. Strategic level refers to make a long-term plan for allocating snow removal equipment and station, such as 
problems of dividing the operation network and deciding the location of station. Tactical level mainly refers to 
the decision problems of short and intermediate term (generally a few months), such as the allocation problems of 
snow removal machines and personnel. Operation level refers to select and schedule route of spreading vehicle in 
daily snow removal tasks. Real-time level refers to make decisions immediately once the system environment 
suddenly changes (like equipment damage, weather change), such as problems of adjusting the route of operation 
spreading vehicle that based on real-time weather information and road condition. In this paper, spreading vehicle 
routing problem belongs to decision problems of the operation level. 
To carry out road snow removal task better in winter highway maintenance, we divide the road network into 
non-overlapping operating region. Generally, spreading vehicles are arranged by operating region. Each 
operating area is allocated with a quantity of spreading vehicles to spread deicing salt to roads that need service. 
Road maintenance department provide reasonable traffic routing planning to vehicles. The spreading vehicle 
routing problem can be described as: spreading vehicles start from stations, and spread deicing salt along a path 
in demand, after providing service to roads in demand, return to stations. 
Table 2 shows influence factors of the spreading vehicle routing problem. 
Table 2. Influencing factors of spreading vehicle routing problem 
Influence factors Types Influence factors Types 
Characteristics of 
road network  
Undirected graph / directed graph / mixed 
graph 
Characteristics of 
spreading vehicle 
Vehicle capacity; 
Vehicle types; 
Limits on the service path of each vehicle; 
Fixed cost and variable cost of vehicle 
Characteristics of 
road section  
Road level; 
Time spent in service and access road; 
Time-window of road section service; 
Length of road section; 
Limits on the amount of road access 
Characteristics of 
routing 
 
Starting point and terminal point of path; 
Load balancing, service continuity and turn 
limit of path; 
Path conversion between service road 
sections and access road sections and 
operating region boundary influence on the 
vehicle routing, etc. Operating region 
division 
Shape, size and number of operating 
region; 
Load balancing of operating region; 
Consistency of operating region 
 
Station 
Position and amount of station; 
Capacity, fixed cost and variable cost of 
station 
 
Optimization Goals 
Minimum empty driving distance of 
spreading vehicles; 
Minimum scale of spreading vehicles team; 
Minimum total cost of operation 
4. Model of Spreading Vehicle Routing Problem 
Vehicle routing problem for deicing salt spreading can be described by the following graph theory language: in 
the graph ,G V A , 0 1, , , nv v vV is set of nodes. 0v is station node. A  is the arc set between nodes. In the 
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graph G , length of each arc ,i jv v  is ijc , and the necessary amount of deicing salt is ijq . Spreading vehicles 
with a capacity of Q  start from stations, spread deicing salt to arcs that in demand in proper sequence, and return 
to station finally. The goal of solution from the graph G , spreading 
deicing salt to each arc that in demand once and only once (but allow multiple access), and making driving total 
mileage be shortest. This problem is based on the assumptions:  
(1) Assume that the position of station has been determined in the research area, and each station has been 
assigned for services area, namely, operating region. Each operating region is serviced by spreading vehicles 
from same station. 
(2) Assume that length, width, snowfall and temperature, humidity, wind direction and other data of each road 
section are known, that is the amount of needed deicing salt can be estimated before operating. 
(3) Each spreading vehicle only services one path. The spreading vehicle starts from station with deicing salt, 
after completing scheduled path spreading work, returns to station. 
(4) Each road section can be spread at most for one time, but can be visited more than once. 
The model of vehicle routing problem for deicing salt spreading can be constructed as follows: 
,
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0, 0,1   , ,
s s
k ku b v kS V S K                                                                                       (12) 
, 0,1   , ,ijk ijk i jx y v v kA K                                                                                                 (13) 
In this model, K  indicates path set. 1R A  indicates unidirectional arc set. 2R A  indicates two-way arc 
set. l  is the load balance value of spreading vehicle. kw  is the vehicle capacity corresponds to service path k . 
Decision variable is,  
ijkx ,
0
i jv v k1,  when ar c  bel ongs t o pat h  and accessed by spr eadi ng vehi cl e
,  ot her wi se
 
ijky ,
0
i jv v k1,  when ar c  bel ongs t o pat h  and accessed by spr eadi ng vehi cl e
,  ot her wi se
 
The objective function (1) minimizes driving total mileage of spreading vehicles. Formula (2) shows that the 
flow conservation constraint for nodes. Formula (3) and (4) ensure that each road section in demand can be 
serviced. Formula (5) shows that the times of access to each road section are not less than the times of service. 
Formula (6) shows that capacity constraints and load balance. Formula (7) and (8) shows that spreading vehicles 
start from station, and finally back to station. Formula (9) - (12) shows that eliminate singular sub-tour 
constraints. Formula (13) is 0-1 variable constraint. 
5. Genetic Algorithm for Analyzing Spreading Vehicle Routing Problem 
The spreading vehicle routing problem is a typical NP problem, so it is difficult to get the optimum solution by 
exact algorithm in reasonable calculation time. The genetic algorithm is one of intelligent search algorithm, 
whose search process does not directly effect on the variables. Genetic algorithm can operate on the structural 
objects (set, sequence, tree, diagram, chain table, etc.) directly by means of using parameter set for encoding. So 
it is suitable for solving this problem.  
5.1. Design of code 
A chromosome represents for the service path of one spreading vehicle, which is part of the solution. All 
chromosomes in population represent for a complete solution of problem. As figure 1 shows that we can use the 
mode of one-dimensional integer sequence number to encode a chromosome. One chromosome can be composed 
by code of arcs which need service. 
   
 

 
Individuals 
in population
Edge information
 
Fig. 1. Chromosome coding 
In this graph, length of individual in population represents for the number of sides in road network. The i  
place selects 1 to represent for service road sections. The i  place selects 0 to represent for access road sections. 
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The corresponding generated chromosomes are: chrom (k)={6 8 5 15 13}. The individual in 
population represents for arcs in demand which can be serviced in proper sequence in one driving path. We 
encode the arcs into 6, 8, 5 15, 13. This representation mode implicates station as a starting point and end 
point of driving path, so it is not necessary to encode stations. 
5.2. Construct the fitness function 
The fitness function is based on the optimal objective function of the model. Calculation formula of adaptive 
value is as follows: 
1
( ( )) 1/( ( ( )))
p
i
Fitness Popu k Fitness chrom i                                                                              (14) 
In the model, P  represents for the amount of chromosomes in population. The more adaptive value shows the 
more survivable possibility of chromosome in the evolution. The adaptive value of chromosomes is the total 
vehicle driving distance represented by chromosome, and the value can be calculated by C-W algorithm. 
5.3. Operating process 
(1) Population initialization 
The step of population initialization is: use natural number to number all road sections which need service in 
the road network, and then form series 1 2, , , nT a a a . 
(2) Genetic operation 
 Selection 
Use the simplest random selection mode to select two chromosomes from population randomly as 
chromosome which can evolve to the next generation. 
 Crossover  
In this algorithm, lengths of chromosomes are different. We can use cross method which is similar to PMX 
(partially matched crossover) to choose crossover operators. The specific operation is as follows: select 
continuous gene sections whose length are m1 and m2 for interchanging among two father generation 
chromosome P1 and P2, so that it can form two new chromosomes. If P1 or P2 is an empty chromosome, it can 
generate two non-empty progeny chromosomes through interlace operation. 
 Variation 
There are two kinds of variation mode. Simple variation means we can select two gene positions in 
chromosome randomly to exchange genes. Segment exchange variation means we can select two non-
overlapping gene segments in chromosome randomly whose lengths are m and n to exchange. 
 Stop condition for algorithm 
In order to make the genetic algorithm stop reproductive cycle when meet a specific stop condition, we must 
set the stop condition in advance. In the paper, the stop condition is: stop running algorithm until iteration to the 
predefined generation. 
6. Numerical Example 
Figure 2 is a simple road network which includes 20 nodes, 28 road sections. In this figure, node 0 represents 
for stations, and figure on arcs are the number of road sections. Assume that each road section is two-lane, two-
way highways, and the width of one lane is 3.75 m. 
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Fig. 2. Highway network in the computing example 
Assume that spreading vehicles are in station 0. Capacity of each spreading vehicle is 5t. There are two 
spreading vehicles which start from station and return to station eventually. Assume that snowfalls in 24 hours 
would be 5.0~10.0 mm, and the temperature of outdoor is -14 . In this case, the demand for deicing salt is 27 
g/m2. Table 3 shows that the weight of deicing salt for each one-way road section. 
Assume that all road sections in the road network demand for service. Some road sections need to be given 
service for two directions, while some road sections only need to be given service for one direction. 
Table 3. Highway sector information in the computing example 
Number of 
road sections 
Length of 
road sections 
(km) 
Weight of 
deicing salt 
that one-way 
required  
(kg) 
Service times 
of spreading 
vehicle 
 
Number of 
road sections 
Length of 
road sections 
(km) 
Weight of 
deicing salt 
that one-way 
required  
(kg) 
Service times 
of spreading 
vehicle 
 
1 7.30 739 2 15 4.46 452 2 
2 5.97 604 1 16 5.37 544 1 
3 6.28 636 2 17 3.36 340 1 
4 7.21 730 1 18 1.13 114 1 
5 5.40 547 1 19 4.55 461 1 
6 3.22 326 1 20 3.86 391 1 
7 5.31 538 1 21 0.60 61 1 
8 4.09 414 1 22 0.32 32 1 
9 9.65 977 1 23 1.95 197 2 
10 6.55 663 1 24 0.48 49 1 
11 3.60 365 1 25 2.86 290 1 
12 1.61 163 1 26 2.41 244 1 
13 0.80 81 1 27 6.10 618 2 
14 0.61 62 1 28 3.54 358 1 
952   Binglei Xie et al. /  Procedia - Social and Behavioral Sciences  96 ( 2013 )  945 – 953 
In this experiment, the scale of population is 30. Crossover probability is 0.8, and mutation probability is 0.04. 
Figure 3 shows the results of experiment. 
 
Fig. 3 Objective function value in different iterations 
When using genetic algorithm to iterate to the one hundred and sixtieth generation, the total vehicle driving 
distance is shortest. In this case, the routes of spreading vehicle like table 4 shows. 
Table 4. Routes of spreading vehicle 
Number of spreading vehicle Routes of Spreading Vehicle total driving distance (km) 
1 
{0 10 9 6 7 3 4 8 
12 11 10 0 10 11 12 
8 4 3 1 2 1 3 
4 8 12 11 10 0} 
117.87 
2 
{0 10 11 8 4 5 4 
2 4 8 12 11 10 0 10 
11 12 15 14 17 0 17 
16 0 16 13 10 13 0 
14 15 12 15 14 19 18 
17 18 19 14 17 0} 
137.79 
Note:  represents for vehicles provide service to road sections,  represents for road sections that vehicles go through without service.  
7. Conclusions 
Using the deicing salt to remove snow has the advantage of good snow removal effect and low traffic impact, 
which is widely used by China's highway maintenance department. Optimization of spreading vehicle routing for 
deicing salt contribute to improve operational efficiency of snow removal, reduce environmental pollution and 
reduce road maintenance cost. In this paper, characteristics of deicing salt snow removal mode and other three 
different snow highway removal modes in winter were analyzed, and influencing factors of spreading vehicle 
routing problem were classified, which include road network, road sections, operating region, station, vehicles, 
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path and optimization goals, etc. On this basis, vehicle routing model for spreading deicing salt was constructed, 
and genetic algorithm was designed to solve this NP problem. 
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